Differential sensitivity of lung and brain to sulfide exposure: a peripheral mechanism for apnea.
Acute exposure to hydrogen sulfide (H2S) causes 4 dose-dependent responses: hyperpnea, unconsciousness or knockdown, apnea, and death. At present, scientific mechanisms for these effects are unknown, but inhibition of cytochrome oxidase in the central nervous system (CNS) by sulfide has been suggested. In this study, the premise of brain as target is examined by comparing peripheral with direct delivery of sulfide to brain. NaHS was administered to anesthetized Sprague-Dawley male rats, by femoral intravenous, or carotid intra-arterial injection. With apnea as the test, ED100 values of 0.6 and 3.0 mg kg(-1) were found for peripheral and direct delivery to brain, respectively. Peripheral delivery is 5 times as effective as direct delivery to the brain, and greater if the relative dilution factors are considered. Lidocaine, applied to the vagus, prevented apnea, so lung-brain transmission was essential. It was therefore concluded that the lung is the peripheral site of action. Hyperpnea increased in duration with dose. The carotid body, located distal to the arterial catheter, sensed the high doses of NaHS but did not trigger apnea. Intravenous infusion or intraperitoneal injection with NaHCO3 prevented hyperpnea, apnea, and death. The following conclusions are drawn: the carotid body is not implicated in NaHS-induced apnea, the lung and not brain harbors the primary site of action of H2S, and an afferent neural signal from the lung via the vagus induces the apnea. Finally, NaHCO3 appears to prevent toxicity from sulfide, and therefore H2S, by some unexplained mechanism. Practical emergency treatment for acute toxicity in the field may be possible.